This paper draws on extended life story oral history interviews with scientists who, beginning in the 1980s, turned to writing popular books, making radio and television programmes and taking to the stage for public lectures and debates, with relations between science and religion often a key topic:
INTRODUCTION
This paper examines extended life story oral history interviews with the British scientists Peter Atkins, Nicholas Humphrey, Steve Jones, John Polkinghorne, Russell Stannard and Lewis Wolpert.
1 It focuses on their reasons for choosing, from the early 1980s, to write books, make radio and television programmes, give public lectures and take part in debates, often on relations between science and religion. I understand their work of this kind as 'particular popular science'. This phrase requires some explanation, first concerning the term 'popular science' and second concerning the word 'particular'. Following O'Connor, I treat 'popular science' as an 'umbrella category' to refer to the involvement of scientists in various kinds of writing, speaking and broadcasting for audiences outside academic science. 2 The interviewees do not use the term themselvesit is not an actors' category. I also follow Bowler, who has shown that it is possible to use the term 'popular science' to refer to a broad range of writings and broadcasts, without losing sight of the differences between them, and without claiming that the term 'popular' is explanatory. For example, he describes Julian Huxley's writing and broadcasting as 'activity in popular science', observes that Huxley's Essays in popular science 'reached only a limited readership' and notes that the 'more serious of Huxley's articles were aimed at the intellectual elite and were hardly "popular"'. 3 Like Huxley's, the public presentations in various media considered in this paper were not usually 'popular' in the senses of widely consumed or 'non-elite'.
My use of the term 'particular' does not refer to science and religion as a particular kind or genre of popular science and I do not examine the content of books, broadcasts and debates. I understand science and religion as a topic with perceived public interest to which the scientists in this paper could address their writing and broadcasting. Lewis Wolpert, Nicholas Humphrey and Steve Jones, especially, ranged well beyond science and religion in their popular science and even those interviewees very closely associated with the topic, such as John Polkinghorne and Russell Stannard, produced popular science in which religion did not feature. 4 Instead, I use the phrase 'particular popular science' to refer to two other kinds of particularity. First, the scientists in this paper were involved in popular writing and broadcasting at a particular time -from the early 1980s to the present. Polkinghorne wrote his first popular science book in 1979, Atkins in 1981 and Stannard in 1982. 5 Steve Jones dates the beginning of his work in broadcasting to 1979.
6 Lewis Wolpert's first popular science book, A passion for science (1988), was based on interviews broadcast on BBC Radio 3 in 1983. 7 The first television programme featuring science made by Nicholas Humphrey was broadcast in 1986. They all, therefore, started their work in popular science after the end of a period identified by Bowler in which a significant number of British scientists were involved in writing 'serious self-education literature' published by Pelican and others, 8 and before what Davies describes as 'an unprecedented level of encouragement for those working within the sciences to open up their disciplines and communicate with publics', stimulated by the Royal Society's Bodmer Report of 1985 (with its message that scientists should regard it as their duty to present their work to non-scientists) and the establishment in 1988 of the Royal Society's Committee on the Public Understanding of Science (CoPUS). 9 This paper addresses the 'astonishingly small number of studies on the history of popular science in the twentieth century'. 10 It also begins to redress the lack of research on science in British broadcasting after the 1960s.
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But my aim is not merely to start to fill a gap in historical work; it is to take an interest in what was specific about the experience of scientists engaged in popular science at a certain time.
Second, I also use the term 'particular' because the treatment of popular science in this paper is attentive to particular, individual motivations for popular science work. This is unusual. While Bowler is concerned with the different motivations and 'career strategies' of particular early twentieth-century popular science writers, and Gregory suggests that Fred Hoyle used popular science in a knowing way to advance his ideas, the majority of work on popular science writing, 'visible' or 'celebrity' scientists, science in film and television, and the work of scientists in 'science communication' does not take as its aim the exploration of individual motivation and experience. 12 I support this claim in the following paragraphs.
Work on recent popular science books has explored the construction and content of texts, aspects of the process of publication, and the contribution of such writing to the identity and P. Merchant status of science. 13 It has not, though, tended to be interested in authors as individuals. Turney, for example, discusses two popular science books in the context of past and present writing on science and religion, with two of the scientists considered in my own paper -Russell Stannard and John Polkinghorne -appearing as rather passive 'inheritors of a long tradition of reconciling the best current understanding of science with the possibility of faith'. 14 While it would be possible to position all past and future popular science books drawing on the 'historical sciences' in relation to a 'varied tradition of attempts to draw links between evolution, religion, and ethics which lie between Haeckel and the present day', this important exercise would leave us no closer to understanding why any particular individual wrote any particular book, or their experience of doing so. 15 Mellor is especially clear that she is concerned not with the authors of popular science, but with the 'boundary work' for science that popular science writing achieves:
For the purposes of understanding the public construction of science, the author of a popular science book is significant as a textual presence, not as a living and breathing human being . . . pursuing authorial motivations will not necessarily help to reveal the work that these texts do in constructing public images of science. 16 Indeed, Mellor (with great insight) reads popular science books as discursive agents in themselves -now detached from their authors, they are important 'nodal points in an intertextual web stretching across all the mass media'. 17 Boon's detailed archival work on science on the BBC from the 1940s to 1965 is not concerned with the experience or motivation of particular scientists in television. Instead, it follows the way in which 'organised groups of scientists' (especially 'elite' scientists on particular BBC committees and advisory boards) sought to advance a kind of bulk interest of scientists in the public image of science. He thus follows the 'contrary attempts at enrolment: of broadcasters seeking to retain the upper hand in control of their medium, and of scientific bodies seeking to control the public relations of science'. 18 Similarly, in Davies's paper on the BBC's Natural History Unit, the only point at which individual motivation breaks through is in a quotation from the end of a published interview with David Attenborough, in which he says that he chose science broadcasting over academic zoology because the latter would have involved research on laboratory specimens. 19 In the rest of the paper -as in other work drawing on Gieryn's concept of 'boundary work' -the shared motivation of what Davies refers to as 'multiple actors' (scientists, film-makers and broadcasters) is read off from the outcome of the work of the Unit: 'the development and communication of natural history'. 20 Kirby's work on scientists who have acted as consultants on fictional films is a convincing demonstration of ways in which such films 'impact scientific practice', including 'the impact of the consulting process on individual scientists and their own scientific work'. 21 However, it too tends to read off individual scientists' motivations for consulting from the positive effects on their work of this consulting: access to a massive audience for their ideas. At one point, though, Kirby observes:
Scientists can take advantage of this virtual witnessing technology to 'gather allies' for their scientific concepts by consulting on fictional films. This is not to say that scientists consult with film-makers specifically to utilize film's capabilities as a virtual witnessing technology. Most scientists view consulting on fiction as an activity unrelated to the process of science. Nonetheless, scientists accrue the benefits of film Particular popular science as a virtual witnessing technology, even though they may have chosen to consult for reasons other than 'gathering allies'.
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But he does not follow up on this observation that 'they may have chosen to consult for other reasons'. This paper attempts to do precisely this for particular scientists in particular times and places.
Other work that focuses on scientists who have achieved a form of public 'visibility' or 'celebrity' through popular science work rarely reports in any detail on what these scientists say themselves about their various engagements with readers and audiences beyond academic science. 23 Goodell's The visible scientists (1977) is informed by 'over one hundred interviews in the offices and homes of visible scientists', but its arguments are made with only the occasional, unreferenced, sentence-long quote from these interviews, with much closer attention to published accounts and media interviews. 24 In his Celebrity scientists (2015), Fahy relies -perhaps because of lack of access to the others -on telephone interviews with only two of his eight profiled scientists and otherwise sticks to their media portrayal:
I examine their development as celebrities by seeing how their public image is crafted from four core types of media: how they are portrayed in their books and other writings and broadcasts, how they are portrayed in publicity material such as interviews and profiles, how they are represented in promotional material such as blurbs and press releases, and how they are described in critical and scholarly writing. 25 Fahy's book certainly succeeds as a thorough use of such material, but in reading it we remain at least one step removed from scientists' understanding and representation of themselves.
Other scholars have attempted, at a distance, to psychoanalyse scientists who have written popular science books. Jurdant, for example, suggests that writing popular science affords scientists a satisfying confirmation of reality: 'this "reality effect" cannot but be produced for scientists themselves. . . . It is a necessary ingredient if scientists are to get rid of their suspicion that they themselves are dreaming'. 26 Midgley argues that certain scientistwriters of successful books on evolutionary biology, cosmology and physics are indulging in 'individual feeling . . . the satisfaction of appearing in the role of unmasker', 27 'strange compensatory fantasies', 28 'wish-fulfilment . . . self-indulgent, uncontrolled powerfantasies' propelled perhaps by 'crude motives' of 'fear of death and the lust for power'. 29 Young reports that 'eminent scientists' write on topics beyond science through a 'willingness to be experienced as wise'. 30 And in a further, dramatic example, Davidson subjects Richard Dawkins's book Unweaving the rainbow (1998) to a 'close analysis' and, in his opinion, finds clear signs of Kleinian paranoid splitting, including idealization, boundary work, suspicion and aggression: 'He [Dawkins] pours scorn on the words "caring" and "nurturing", traditionally feminine attributes . . . and prefers to replace the verb "paddle" to describe the movements of the bacteria spirochaetes, with the verb "screw", an aggressive phallic image'. 31 Sociologists and others have conducted surveys of, and interviews and focus groups with, scientists concerning their own and others' 'public engagement' or 'science communication'. The resulting papers report findings such as 'those in mid-career range are more likely to engage with the public'. 32 They usefully characterize sampled scientists' 'assumptions about public communication and engagement', 33 including, for example, ways in which particular 'celebrity' representatives of science are viewed. 34 The power of this work lies P. Merchant 368 in its ability to identify what is significant in the summed-up, anonymized responses of samples of scientists working in the present. It tends not to be interested in the present as a particular setting or context for 'popular science' and it is not able to report on the views, experience and motivation of any particular individual. In contrast to the work surveyed above, this paper seeks to focus very closely on the motivations and experience of particular scientists. In the following sections, it examines parts of extended life story interviews in which six scientists talk about their work -from the early 1980s -in popular science.
SEEKING NEW EXPERIENCES, BEING DIFFERENT
While an academic physical chemist at the University of Oxford (1965 -2007) , Peter Atkins was also a Fellow of Lincoln College. In his life story interview he speaks about the college, including the following:
I enjoyed college life very much. I found it stimulating, rewarding. I think my then colleagues [other Fellows of Lincoln College] saw that they had in me a chemist of different spots, as it were, from the normal expectation about chemists. . . . I mean the paradigm chemist is the committed geek who will talk about test-tubes and wave functions, but not be interested in Heidegger or Jane Austen, or things like that. . . . So I think the arts Fellows were expecting standard fare laboratory geek and I think they were relieved, maybe surprised, and possibly pleased that that wasn't really the case. 35 In this extract, Atkins signals his enjoyment of a form of intellectual and cultural discussion beyond the narrowly scientific. He goes on to recall warmly the conversation around the fire after dinner with 'a dozen Fellows' which contrasted with the 'almost entirely scientific' conversation over tea in the Department of Chemistry:
We always, after dinner in the senior common room, we would sit in a rather large semicircle around the log fire: . . . a philosopher . . . two historians -medieval, modern -a musician . . . There weren't chemists there, just occasionally there might be a physicist or somebody like a mathematician, but the chances of finding oneself sitting next to a co-scientist . . . of any branch of science was rather remote. So in a way that was bad, bad for the subject, because you weren't exposed to the cut and thrust of a commercial laboratory . . . but you were exposed to culture, which is good for personal development. 36 He says that the 'encouragement to communicate that arose from dining in college' was a factor in his decision to write a popular science book: The creation (1981). 37 While he says that this 'must have been my earliest attempt, I suppose, of taking the battle to the enemy [religion]', 38 he suggests that the wish to communicate outside the ordinary genres of science writing was 'the motivation' for writing it:
I so enjoy the communication of the insight that science reveals about the structure and workings of the world that I'm desperate to share it and The creation was an early example of seeking to do that, written almost like a prose poem in its way. I wanted to show that one could be exposed to extraordinary ideas in elegant prose, as it were. That was the motivation.
that might be thought of as 'boundary work' for science, the 'deeper motivations' referred to by Bowler, 40 or a wish to contribute to the 'public understanding of science' 41 -he is clear that he chose to take part in these debates because they allowed him to continue an intellectual and cultural life beyond science:
Atkins: It's going too far back now to see when I first began to make public pronouncements . . . on science versus religion. It's been a very useful sideline and I've enjoyed, if you like, the opening up of new pathways through culture that it has presented, that instead of just going to chemistry conferences and having discussions about, well, even meta-chemistry, you know, chemical education and so on, that I've met such a wide variety of people in the general cultural world that I've found that very agreeable. Bishops, you know, rabbis, whatever. Philosophers. . . . And I often think that all my colleagues, who are now retired, who spent their life in chemistry and maybe doing wonderful things within that field, haven't had the richness of life that I've had by virtue of spreading my wings, giving up being regarded as a serious chemist, but the advantage is a much richer, wider perception of culture. Interviewer: And these opportunities, this road opened up through taking part in these public science -religion-? Atkins: Yeah, absolutely. . . . I think in the early days there weren't many atheists who were articulate and so once the media had identified someone who could hold a candle up to God, as it were, and singe his beard, then you got into . . . their memory banks . . . And so you were asked to do a number of things, like being on Newsnight, like being on the Today programme, things like that. 42 Peter Atkins often found himself debating the relations between science and religion with scientist-Christians, especially John Polkinghorne and Russell Stannard. 43 In their own life story interviews they, like Atkins, explain that, for them, attention to science and religion offered a way out of just science. Russell Stannard -initially enticed away from UCL and CERN by the Open University ('to be honest, I have to say that the idea of teaching through television had a certain glamour about it, which was rather attractive') 44 -says of his move away from research in high-energy particle physics:
Well, it's the nature of the work that you . . . find that you're concentrating on a particular mode of decay of a particular particle . . . You just have to specialize. . . . And so, I suppose thinking about things, there was . . . at that time growing in me an attraction for the wider questions of . . . how does science relate, well to religion, you know . . . where you have to take in a whole sweep of different aspects of both, which is a nice contrast to my professional work which was specializing in an incredibly small, narrow sort of area. 45 Science books for children, but especially the making of radio and television programmes on science and religion, often funded by the John Templeton Foundation, lifted him out of work that he felt had restricted views. Like Atkins, he found that writing and speaking about relations between science and religion afforded a satisfying way to move beyond the strictly scientific. For both, popular science was understood and experienced as different from academic science.
To take a third example, Nicholas Humphrey is clear that his decision, in the early 1980s, to accept an offer of work in television was a decision to leave academic science (at a time when he was Assistant Director of Research in the University of Cambridge's SubDepartment of Animal Behaviour with several papers in Nature):
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A producer from Channel 4 came to me who had seen the Bronowski Lecture [of 1981] and made a wonderful offer: would I like to have two years to make a ten-part television series about the nature of consciousness? The first year would be research, in which I would be paid better than I was being paid in Cambridge, and then we'd spend a year making the programmes. . . . So I went to my professor in Cambridge, Gabriel Horn . . . and said, 'Gabriel, can I have two years' leave of absence to go off and make these programmes?' And he said, 'Well of course you can't. I mean how are we going to cope if there's no one to do your teaching? . . . I know . . . it would be fun and glamorous, but we're not going to allow it.' . . . And so, I resigned my job. . . . And, went off to make these TV programmes. They were called The inner eye.
46
The inner eye -though concerned with and drawing in detail on his scientific research -was experienced at the time, and spoken of now, by Humphrey as other than academic science. Indeed, he thought of it as deriving from and extending a perception of himself as different from ordinary scientists. By the time of Channel 4's offer he had been in a relationship with the British actress Susannah York, featuring in newspaper gossip columns:
Susannah . . . I think was very important in terms of getting this work in television. To be quite honest . . . I was seen as a rather unusual academic with these . . . other sides to myself which would appeal to the public and, make, possibly, the television series go, go well. I mean . . . I had, and I'm sorry to say, you know, spreads across the back of the News of the World and the rest of it, covering Susie and me. So, I think, it wasn't, you know, it wasn't an insignificant factor in my being offered this role as presenter of this series. 47 With Susannah York he had accessed a whirlwind . . . a world which I had never really experienced . . . of tremendous, very fastmoving and dramatic episodes in both reality and in terms of, of the films she was engaged with. I spent a lot of time with her on set . . . I remember going on the set of Superman [II] with Marlon Brando. 48 In The inner eye he appears on Brando's private island. He felt admired by former colleagues in science: 'I think people were rather jealous of me actually. I mean, well so they should have been. I mean, not many people get that opportunity'. 49 After making a further television programme, Humphrey returned to an academic post in 1987.
This section has shown that, for Atkins, Stannard and Humphrey, part of the motivation for work in popular science was the experience of doing something other than academic science. The next section explores ways in which the decision to work beyond academic science was rewarded by forms of success and recognition in publishing and broadcasting. These forms of success and recognition encouraged further work in popular science.
EXPERIENCE OF SUCCESS IN PUBLISHING AND BROADCASTING
Humphrey recalls that The inner eye 'was described as the ideas series of the year by The Times'. 50 Atkins notes that a review of The creation in the Times Literary Supplement 'began, "This brilliant essay on a subject of the greatest importance . . . "; I've never achieved that again. . . . So there was some notice of it'. 51 Humphrey, Atkins and the other scientists considered here did not find that they had to accept a 'richer, wider perception of culture' (in Atkins's words) as an alternative to professional success and recognition of Particular popular science any kind; they were all successful as writers and broadcasters. Indeed, some seem to have found that recognition for their work was more forthcoming in publishing and media than it had been in academic science. For example, Stannard contrasts his fortunes in scientific research, on the one hand, and in writing and broadcasting on the other:
Out of the whole of the science faculty of University College London I won . . . the Rosa Morison Memorial Medal for being the most outstanding student. . . . And I thought, gosh, I might be the next Einstein. . . . Well, it didn't work out like that.
[laughs] . . . I was always, I think I can say, a valued member of a research team, and eventually I got to be Vice-President of the Institute of Physics, but, I was never the President, and I never made any, any big, notable discovery . . . I then more and more saw myself as, as a translator of big ideas to people . . . And it was eventually rewarded when, a long time down the line, I wrote a book introducing 11-year-olds to quantum theory, and it became the UK number one bestseller, for adults as well as children. That I think was a real accolade. And . . . I did a radio series on Radio 4, BBC, called Science and wonders, which was dealing with science and religion, and that was chosen by the Sunday Times newspaper as the radio achievement of the year, which I cherished very much. So, that was very much how I would like to be remembered, as, as a good teacher. 52 Stannard found individual success in broadcasting that he feels eluded him in science. His account of promise unrealized is echoed in Atkins's own science-medal story: 'I got the Meldola Medal for 1969 . . . which was for promise. But, you know, it's easy to have promise; achievement is much harder to attain'. 53 And Atkins, like Stannard, feels that his work in science was not (and was unlikely to have become) outstanding:
Atkins: So I don't think I'm terribly proud of the work I did in research. It had its imaginative moments, but I don't think it's had any long-lasting effect, really. I never got involved in computation. I mean most theoretical chemists are computational chemists and I never did that. . . . Interviewer: Are you saying that because you think, if you had, things would have been different? Atkins: I think, yeah, well it's hard to, 'what if' questions are impossible to pursue, but I suspect that I might have made improvements to software programs that somehow or other got embedded into stuff that has come afterwards, but I don't think it would set the world afire, really, it would have been absorbed into the infrastructure of the subject. 54 One of Peter Atkins's regular opponents in public science and religion debates was John Polkinghorne. Polkinghorne's own move away from scientific research in 1979 -in his case to train to be a priest -was made at a time of low confidence about the prospect of adding to his achievements in science. He states in his autobiography that he had waited longer than expected for his election as a Fellow of the Royal Society (in 1974) and that developments in particle physics led him to 'the conclusion that it was time for a change'. 55 In his life story interview, he explains that 'The new string theory . . . was very clever, but extremely speculative and involved rather a different kind of mathematics involving these different sort of solutions to the equations to the ones that had been there before'. 56 At a time when he felt that he was beyond any peaks in his academic career in physics, after a short period of work as a parish priest, Polkinghorne took up a post as university chaplain and devoted himself to popular science in the form of two histories of particle physics and 26 books (and numerous public talks, debates and broadcasts) on relations between science and religion.
P. Merchant
Like Polkinghorne, Lewis Wolpert began his work in broadcasting (and then writing) on popular science and 'public understanding of science' after his election as FRS in 1980, which he regards as a peak in his scientific career:
[C. H.] Waddington had put me up for the Royal Society, and I eventually got into the Royal Society . . . Getting into the Royal Society is a truly major event in one's life. I had to wait seven years though. You only have seven years in which to do it, and I got in on my seventh year. 57 This closely echoes Polkinghorne's account, in his autobiography, of a kind of perceived hesitancy in his election as a Fellow:
When I became a Cambridge Professor in 1968, most of my scientific colleagues in the professorship were FRSs, and I naturally hoped that I might join them in the not-toodistant future. In actual fact, it took somewhat longer for this to happen than I had hoped, for it was not until 1974 that I attained this recognition. 58 Both also echo Bowler's account of Julian Huxley's delayed election, set in contrast to J. B. S. Haldane, who 'had no difficulty getting his FRS' and who (unlike Huxley) 'was never tempted to give up his career in research and remained an eminent research scientist to the end of his days'.
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Whether or not their delayed elections were significant, Wolpert and Polkinghorne moved gently in new directions after a perceived peak in their academic careers. In contrast, Steve Jones's transition from snail genetics to popular science -which has involved engagement with science and religion as a field of interest alongside race and heredity -was more dramatic, the response to finding himself in a dip, rather than feeling himself just beyond a peak:
In the early days NERC . . . funded us rather generously . . . I found some interesting results. . . . But . . . in the early eighties . . . I put in grant after grant after grant, all of which were turned down. . . . My research was based on thermal ecology . . . which is now the world of trendy, but of course then wasn't. And my technique . . . which I developed in measuring individual thermal environments, was actually a pretty clever technique. But I remember sitting at my old desk in the other building, grisly old building . . . in about 1985. And . . . I'd applied for something like 13 research grants . . . all turned down. I was cleaning out my office and I'd got this huge pile of papers which were my failed research grants, and I picked them up and I threw them in the bin, I said, 'Screw this, I'm not going to waste my time. The time I've spent doing this, I could have written a book.' And then I sat down and wrote The language of the genes and that was really the end of my scientific career. 60 From this point -the 'end' of his 'scientific career' -he combined university teaching (he did not leave his post at UCL) with the pursuit of a career in broadcasting, building on a successful appearance on BBC Radio 4's Woman's hour a number of years earlier:
Shortly after that, I began to get heavily involved, particularly in radio science. I have vivid memories, I think it was in 1979 when out of the blue came a message from the BBC to UCL, was there anybody who could come down and talk about snails on Woman's hour. So they picked on me and I went down. . . . And I thought, well they'll never ask me back again. But they asked me back again and again and I did have hundreds and hundreds of little pieces for them. 61 Particular popular science Woman's hour led to a science -arts programme on BBC Radio 3 called Blue skies, which, unlike academia at this time, exceeded his expectations of success:
I thought it would last for six programmes. It lasted for forty or fifty . . . I met all kinds of interesting people and I really enjoyed doing it. . . . And I think the BBC in its own odd way rather liked it, and . . . in about 1990 . . . I was invited to give the Reith Lectures . . . 'The language of the genes'. 62 In Jones's life story, the Reith Lectures are followed by success after success, told with phrases such as 'I was immediately approached by publishers', 'sold like hot cakes', 'make a series about anything you like' and 'an enormous advance'. 63 His success as a writer and broadcaster was also rewarded by a post-Bodmer Royal Society: he won the Society's Science Books Prize (a prize established in 1988 by CoPUS) in 1994 and the Society's Michael Faraday Prize in 1996, and he was elected a Fellow of the Royal Society in 2012.
In Jones, then, we have a scientist who abandoned a conventional research career, frustrated by lack of funding for his fieldwork, and then worked on books and broadcasts that he saw as other than research science. He did not use these books and broadcasts to advance his work on snail genetics. Instead, he wrote and spoke on other topics, drawing on the research of others: human genetics, race, science and religion, biological evolution. And if his writings and radio and television work did some 'boundary work' for science, this is not an aim that Jones articulates. He speaks of enjoyment, success, intellectual freedom, income. His popular science could be seen to have 'impacted' on his 'scientific career' -in the sense that it was eventually recognized and rewarded by the Royal Society -but it would be entirely mistaken to use this outcome, by reading backwards, as motivation for its production in the first place.
BEING 'WELL KNOWN'
Steve Jones's Royal Society Fellow webpage notes that 'He is a world expert on the genetics of snails and has also studied evolution in fruit flies and humans. However, he is most widely known as a highly successful broadcaster and writer'. 64 Through work in radio and television, the scientists considered in this paper became, to a greater extent than other scientists, well known. Jones suggests that this was something he enjoyed and valued and which he may miss: work in research (in his case embryology). By 1996 he was sufficiently well known to appear as a 'castaway' on BBC Radio 4's music and life story programme Desert island discs (where conversation around the music covered his work in embryology in only a minute, leaving plenty of time for discussion of his books for 'laymen', experience of depression, thoughts on 'public understanding of science' and views on relations between science and religion). In his life story interview, he echoes Jones's valuing of work in broadcasting and goes further in saying that he took and still takes pleasure in public recognition -in being well known: In Wolpert's case, some of his not-unknown-ness, his 'general identity in society' has come from his work for the Royal Society on the 'public understanding of science'. Indeed, the presenter introduces him on Desert island discs as follows: 'His job is being the professor of biology as applied to medicine at University College London but his public role lies in his position as Chairman of the Committee on Public Understanding of Science'. 69 In his life story interview, recorded 20 years after his performance as a castaway, Wolpert suggests that he now feels that, although he has benefited from this work in public recognition and experience ('I quite like performing'), 70 the public may not have:
Walter Bodmer got me on to this committee at the Royal Society and I worked quite hard at it, but I don't think I achieved very much. It's very difficult to know what to do about science and the public and I've just been to a meeting now where I argued that one shouldn't bother. Partly because of the unnatural nature of science, they don't understand it anyhow. 71 Wolpert here recalls his argument, made in his book The unnatural nature of science (1992) , that scientists reveal truths that seem counter to a kind of common sense generated by general experience. 72 While we might imagine Wolpert flicking though The Times on his birthday each year to check that he is still 'not unknown', Peter Atkins says that he assesses his own media profile at the end of the year:
Atkins: On New Year's Eve each year, I try to look at . . . with my wife -we reassess our profiles, as it were, on various dimensions and TV/radio is one such dimension and I think my profile is going down. . . . When I think of the number of times I've been asked in 2015, I think it's fewer than in 2014. I mean . . . it's not talking about, you know, a thousand dropped to ten, it's more like six dropped to five, that sort of thing. Interviewer: What are the other dimensions that youAtkins: Oh, financial, you know, personal happiness -that sort of thing. 73 He says that he has accepted most offers to talk in public and broadcast on science and religion: 'I don't turn down very much'. 74 One of his (at one time) regular debating 76 Atkins has made several appearances on the BBC Sunday morning television programme The big questions, discussing questions such as 'Is there any evidence for God?', 'Can the Bible and Darwin both be right?' and 'Do miracles happen?'. He says that he has done so -in spite of his view that 'there's better ways of spending Sunday morning' and 'they're a bit of a pain to participate in' -partly because the viewing figures are 'quite substantial I think' and 'because at least you're seen, rather than simply being heard on the radio'. 77 Jones is keen to remain on the 'radar' -to be picked for radio and television work. Wolpert likes performing and being 'not-unknown'. Atkins seeks to maintain his position in the 'celebrity' alphabet, even if it means travelling from Oxford to a studio in Warrington (the location for one of the Big questions programmes) on a Sunday morning. Polkinghorne would have 'welcomed more' science and religion broadcasts because he enjoyed doing them. In talking about popular science broadcasting, these scientists do not foreground any feelings they may have about the advantages for science of their public profile. And if they went on radio and television for the public, they do not emphasize this either. This may seem surprising, but this is perhaps only because scholarship on popular science is so strong on the analysis of earnest, strategic motivations. It stresses 'boundary work' and the enrolment of allies. It can superimpose the seriousness of the formation and maintenance of science itself on to the motivations of individual scientists. Life story oral histories reveal more particular, sometimes playful motivations.
CONCLUSION
There is a strong trend in recent work to regard popular science as a part of academic science and scientific research. This trend has a number of components. First, the everyday practice of science involves a 'web' of interacting media and means of communication, including popular forms. 78 Second, if science is 'expository', then P. Merchant a technical paper presented at a small workshop is no more 'science' than is a multimedia extravaganza presented on an IMAX screen or at Disney World's EPCOT Center. Both are attempts to use rhetoric to present understandings of the natural world to particular audiences. 79 Third, scientific work takes place in imaginative and narrative contexts that are shared with popular forms. 80 Fourth, popular science can have positive impacts on the research careers of scientists and can perform 'boundary work' or advocacy for scientific fields, and for science itself. 81 Fifth, because the practice of science involves all sorts of speaking and writing for different audiences, popular science can be taken to be just another of these. 82 This paper -in paying attention to the motivations of particular scientists for broadcasting and writing at a particular time -has attempted to show that it may be important to avoid taking up a general position on whether popular science is part of, or not part of, science. Though the scientists we have 'listened to' in this paper would not disagree with Secord and Topham that in science 'the process of knowledge making involves communication', they nevertheless experienced popular science writing, speaking and broadcasting as different from -and even as a sharp break from -their work as academic scientists. 83 Indeed, doing something clearly different from specialized science was often part of the appeal or motivation. At particular moments, these scientists sought experiences that, if not extraordinary, were certainly regarded and experienced as more than a switch from one ordinary mode of science communication to another. Furthermore, attention to the particularity of personal motivation strongly suggests that we should not rely on the outcome of popular science to explain the reasons for its production. I would, of course, accept that 'boundary work' is achieved by popular science. But it does not necessarily follow that the achievement of 'boundary work', or advocacy for science or a part of science, motivates particular scientists in their popular science work. The scientists in this paper speak of new and valued experiences, enjoyment, money, satisfaction, pleasure in being 'well known'; they do not seem to have had their eye on, or only on, the status of science or of their own scientific research.
Greatly helped by Bowler's Science for all, I have also tried to indicate what is important about the historical specificity of the 'case studies' used here. Of early twentieth-century 'scientist-celebrities' Bowler writes:
All not only wrote well, but seem to have enjoyed writing, or at least the public attention that it generated. Unlike the majority of scientists, they were not prepared to limit themselves to communicate with other specialists on technicalities -they had opinions on the broad implications of science, and they wanted to share those opinions with the people and play a role in directing the course of public debate. 84 This might roughly describe the scientists covered in this paper: the 'big names' of the 1980s, 1990s and beyond. But in detail they were different. In particular, the words 'they wanted to share those opinions with the people' seems to suggest a public service that is not claimed by any interviewee here. The desire to communicate beyond science seems to have been more strongly connected to their own experience than to a concern for the experience of others. In this way, they diverge from the model of public scientist that Bodmer and CoPUS valued; there is very little talk of duty or interest in public understanding in these interviews.
If the scientists we have heard from in this paper were not overly concerned with the audiences for or response to their work (beyond reviews in broadsheet newspapers and on BBC Radio 4), I would have to admit that this paper has done nothing to make up for Particular popular science this. Though it ended up, with the BBC's The big questions, in a place perhaps closer to popular culture than to professional science, it falls short of the kind of history of popular science that Cooter and Pumphrey hoped for, concerned with 'science generally in popular culture'. 85 Readers', audiences' and viewers' impressions are beyond this paper. Even Bowler -with his close attention to publishers who 'represented the public interest' -observes that: 'What the public actually did with the content of books and magazines is a complex story I am not in a position to tell'. 86 The best I can do is to refer to one oral history study suggesting that popular science books are read by male atheists to provide intellectual support for their positions, 'though one respondent . . . found Steve Jones hard' [to understand]! 87 
